Genomic analysis of a phage and prophage from a Bacillus thuringiensis strain.
Bacteriophages have been found to be the most abundant and also potentially most diverse biological entities on Earth. In the present study, Bacillus phages were isolated rapidly and shown to have a high degree of diversity. The genomes of a newly isolated phage, phiCM3, and a prophage, proCM3, from the Bacillus thuringiensis strain YM-03 were sequenced and characterized. Comparative genome analysis showed that the phiCM3 genome is highly similar to the genomes of eight other Bacillus phages and seven of these phages were classified as the Wβ group of phages. Analysis of the differential evolution of the genes in the Wβ-group phages indicated that the genes encoding the antirepressor and tail fibre protein were more highly conserved than those encoding the major capsid protein, DNA replication protein, and RNA polymerase σ factor, which might have diverged to acquire mechanisms suitable for survival in different microbial hosts. Genome analysis of proCM3 revealed that proCM3 might be a defective phage because of mutations in the minor structural protein, and it was not inducible by mitomycin C treatment. The proCM3 genome was similar to those of two lytic Bacillus phages in sequence, but had a different genomic structure, composed of three regions in a different order. These data suggest that the three phages might have had a common ancestor and that genome rearrangement might have occurred during evolution. The findings of this study enrich our current knowledge of Bacillus phage diversity and evolution, especially for the Wβ-group and TP21-L-like phages, and may help the development of practical applications of Bacillus phages.